The electrochemical capacitors (ECs) are attracting growing attention as electrical energy storage systems because of higher specific power than batteries and higher specific energy than conventional capacitors, owing to the high capacitance of the electrode materials [1] [2] [3] [4] . They can be classified into two types based on their charge storage mechanisms: (I) electrical double-layer capacitors (EDLCs) and (II) redox supercapacitors [5] . Compared to the EDLC-based capacitors, -redox capacitors based on transition-metal oxides or conducting polymers such as RuO 2 [6], MnO 2 [7] , NiO[8], and polyaniline[9,10] may provide much higher specific capacitances up to 1000 Fg −1 of the active material. Metal oxides and electrochemical conducting polymers are widely studied materials and are used as pseudocapacitive electrode materials with remarkable performance. However, the use of metal oxides is limited due to the high cost of the materials. Thus, a key issue is to develop cost-effective polymers for use in the fabrication of electrochemical supercapacitors.
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Among the wide variety of conducting polymers, polyaniline (PANI) has received considerable attention due to its good redox reversibility and chemical stability [11] [12] [13] [14] [15] [16] . Various methods can be used to grow PANI films, and PANI films prepared by different methods show dissimilar supercapacitive properties with respective advantages and disadvantages. Polyaniline nanofibers were synthesized by using interfacial polymerization, and an electrochemical capacitance of 554 Fg −1 was reported. However, in this case, the capacitance values decreased rapidly during electrochemical cycling. In addition, efforts have been made to improve the stability of PANI films by preparing composite PANI/CNT films [17] . Girija and Sangaranarayanan studied the electrochemical polymerization of PANI by means of potential cycling between -0.2 and 1.2 V at a scan rate of 300 mVs −1 for 50 cycles and reported capacitance values in the range of 346 to 404 Fg −1 at different current densities [18] . In addition, PANI films coated and uncoated with Naflon were studied, and their enhanced cycle life was reported; however, the presented capacitance values were too low [19] .
Electrochemical deposition (ED) is of particular interest due to its low cost, environmental friendliness, and the feasibility of low temperature growth. The aim of this work was to test the applica-bility of the ED technique for supercapacitor applications. We propose the synthesis of PANI films using cyclic voltammetry technique, and also for examining the supercapacitive properties of the films. SEM were used for characterization of the electrodeposited films of PANI.
In this study, analar grade aniline was distilled under reduced pressure and stored in dark before use. Electrochemical measurements were carried out in a one-compartment cell with a threeelectrode configuration. Ag/AgCl was used as reference electrode, 304 stainless steel rods as the working electrode and a platinum sheet as a counter-electrode. Before each experiment, the working electrode was polished with wet emery papers of different grit sizes (180, 400, 800, 1000 and 1500). After polishing, the working electrode was washed with doubly distilled water and acetone before immersion in test solution.
Deposition of PANI was carried out potentiodynamically by subjecting the working electrode to potential cycling between -0.2 V and 1V at a scan rate of 10 mV s -1 in an electrolyte solution consisting of 1 M aniline, 1M H 2 SO 4 and 2M H 2 SO 4 for 40 cycles under nitrogen atmosphere. After deposition, the samples were rinsed with distilled water and dried for 12 h under nitrogen atmosphere.
Electropolymerisation and electrochemical characterizations were carried out using the computerised Autolab PGSTAT 30 electrochemical instrument with GPES software. The underlying steel surfaces were investigated after peeling off the polymer layer with a tape paste, washed with redistilled water, and finally rinsed with acetone in ultrasonic bath. Scanning electron microscope (SEM) images were obtained by using Joel JSM-6360LVSEM.
The electrochemical and supercapacitor properties of PANI electrodes were determined using cyclic voltammetry technique. The cyclic voltammetry measurements, were performed at room temperature. Figure 1 shows measured cyclic voltammograms (CVs) of PANI films recorded in 1M H 2 SO 4 and 2M H 2 SO 4 electrolyte at various scan numbers. The CVs were cycled between -0.2 V (versus Ag/AgCl) to 1 V. The CVs started at -0.2 V, reversed at 1 V, and terminated at -0.2 V (versus Ag/AgCl). CVs provide valuable information on oxidation-reduction (charge-discharge) behavior. Here, the capacitance was mainly based on the redox reaction because the shape of the CVs is distinguished from the shape of electric double-layer capacitance, which is normally close to an ideal rectangle. During the CV scans, two well defined oxidation and two well defined reduction peaks were observed, thus presenting an exchange between the leucoemeraldine/emeraldine and emeraldine /pernigraniline states of the PANI film [20] . As the scan number was increased, the current response, which is a measure of the capacitance, increased. The relatively higher current density for the PANI films indicate good rate capability for supercapacitor applications. The similar shape of the CVs recorded at different scan number indicates excellent electro-chemical reversibility of the PANI films. The specific capacitance of the PANI electrode can be calculated from the CV curves according to the following equation:
where i is the average anodic current, r is the scan rate, and m is the mass of the active electrode. The specific capacitance values were found to be 301.2 Fg −1 and 294.4 Fg −1 for the PANI films in 2M & 1M H 2 SO 4 respectively at a scan number of 20. Capacitors depends on many factors, such as the mass of the active electrode, the conductivity of the active electrode, the concentration of the electrolyte, and the morphology of the electrode. Electrochemical stability is one of the important indicators of device quality.
The variation of capacitance and peak current of PANI with scan rate are collected in table 1. Figure 2 shows the specific capacitance values calculated from the CV measurements as a function of scan rate. The decrease in the capacitance values is described according to the Randle-Sevcik relationship (Eq. 2), in which the current (which is a measure of the supercapacitive properties) of the electrochemical redox reaction is linearly proportional to the concentration of the electroactive species and the square root of the scan rate. Here, the concentration of the electroactive species is the same at different scan rates. If the peak current increases linearly with the scan rate, then it is reasonable to say that it is a diffusion-controlled (reversible) reaction. According to Fig. 2 , the reaction is an irreversible redox reaction at the electrode electrolyte interface at low sweep rate. This irreversible nature of the electrode reduces the charge-transfer processes at the interface. We believe that this is a possible reason for the decrease in the supercapacitive properties with the scan rate.
To test the stability of the devices, the films were chargeddischarged repeatedly for 40 cycles in H 2 SO 4 electrolyte at a constant current density of 1 mAcm −2 . Figure 3 shows the measured specific capacitances of the PANI with scan number in 1M and 2M H 2 SO 4 respectively for 40 cycles. The capacitance values were initially found to increase with increasing the scan cycle and then become stable starting from 30 cycle. Even after 40 cycles, the charge-discharge curve appears similar, with only a negligible change in capacitance values. These results suggest that PANI films synthesized using the ED technique are suitable for supercapacitor applications. Table 2 summarizes the calculated values of capacitance with scan number in 1M H 2 SO 4 and 2M H 2 SO 4 respectively. Figure 4(A) and (B) shows the 20 th scan of CVs of PANI electrodes after oxidation-reduction cycles in 1M H 2 SO 4 and 2M H 2 SO 4 electrolyte, respectively. It was found that as the number of cycles increase, the capacitance current increased for both the PANI films in 1M H 2 SO 4 and in 2M H 2 SO 4 . This increase is attributed to the growing of polyaniline films due to mechanical doping by the acid [20] . The shape of the CV is one of the important factors used to judge the electrochemical stability of the electrode during charge-discharge cycling. The shape of the measured CVs for the PANI film remained relatively unchanged. This indicates that the PANI film is electrochemically more stable.
To confirm the formation of polyaniline films the electrodeposited samples were pictured by scanning electron microscopy, SEM, (Fig. 5.) . As shown the net-like pure PANI film is exhibited by the figure which is favorable to strengthen the adhesion of PANI to the electrode surface. The SEM image indicates that the compact na- ture of the PANI films. Also the image confirm that the PANI film is amorphous.
PANI thin films with different thicknesses were successfully synthesized onto 304 stainless steel rods as the working electrode by using an electrodeposition technique for electrochemical supercapacitor applications. SEM measurements showed that the PANI films were compact and amorphous. The electrochemical supercapacitor measurements were performed in a 1M H 2 SO 4 and 2M H 2 SO 4 electrolyte by using cyclic voltammetry technique. The highest supercapacitance values were found to be 810.5 Fg −1 for 250 nm thick PANI film and 702.1 Fg −1 for 220 nm thick PANI film. According to electrochemical stability measurements, the thicker PANI film was electrochemically more stable than the thinner film. 
